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Abstract 
This project is a continuation of a previous project at the institute of machine design where the goal                  
was to reassemble and test an existing load sharing unit, working on 3 ball nuts on one ball screw. The                    
load sharing unit should be tested for “load sharing”, and the ball nuts on ball screw should be tested                   
for efficiency. To be able to perform this tests there was need of a test rig where different amount of                    
force could be applied repeatedly.  
 
Different concepts of applying force on the load sharing unit was invented and the final concept was                 
decided upon by using an evaluation matrix. A detailed design was made with regards to eco-design                
and minimizing the waste of the project. To find the efficiency of the transmission and the load                 
sharing of the unit some system to record all the data was needed. 
 
To apply the force to the system (power in) was the most feasible solution used, a rope - pulley and                    
weight drop system where dropped weight could be increased or decreased. It was decided to use a                 
force sensor to measure the input force, a torque sensor to measure the output torque and an encoder                  
to measure rpm. Using this data the efficiency could be calculated. Six load cells already existed to                 
measure the load sharing in the LSU.  
 
The complete measuring system could not be finalized due to time constraints. The efficiency was               
never managed to be tested and the non-complete load sharing test gave results that was hard to                 
analyze. Two of the six load cells stopped working and could not be used in the data gathering. Future                   
work with testing of the load sharing and efficiency should be done. 
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1. Introduction 
In 2016 started a student project involving a linear ball screw transmission that should take advantage                
of using load sharing. Three ball nuts should together share the load of while being back driven                 
transfer a linear motion to a rotational motion. The original idea was to use the application for wave                  
power purposes. The load sharing unit (LSU) with the ball nuts were manufactured and assembled,               
but could not be fully tested before the time of the project did run out. The project was put on hold                     
until 2019. The CAD model of the load sharing unit can be seen in Figure 1. 
 
Figure 1: Overview of the assembly of the LSU [1]. 
 
In the fall of 2019 was the project one again put to life. The load sharing unit should be tested for load                      
sharing and the ball screw transmission should be tested for efficiency. The goal was to perform                
testing as quick and cheap as possible to achieve results before the end of the semester. To be able to                    
perform testing was there a need of develop a new test rig and add additional sensors for measuring                  
the efficiency. The original test rig had been scraped during the time the project was put on hold, and                   
a few other parts had been lost.  
2. Methodology 
The first step was to identify the problem, the needs and set a time frame. A Project Charter was                   
written and signed both by the students and the stakeholder. A Work Breakdown Structure was               
conducted to identify all different parts that the work would include. A GANTT-chart were made so                
that the time frame could be set and the work prioritized. 
 
When this was done a brainstorming session begun to find different concept to apply force on the load                  
sharing unit. A force applying system must be conducted. The system shall input power to the system,                 
move the load sharing unit linearly, so that the ball screw gets back driven and starts to rotate. The                   
force applying system had a need of being cheap and feasible, but still allow change in amount of                  
force and speed of movement. The test rig had to be stable, cheap and relatively easy to maneuver. All                   
the power going in to the system must also be able to monitor, same for the power output. This so                    
efficiency can be measured. This should be done as simple as possible but with as few uncertainties as                  
possible. All the concepts were put into an evaluation matrix with all the criteria and the concept with                  
highest score was chosen. 
 
A measuring system had to be developed in order to measure the load sharing, input force, output                 
torque and rotational speed. Different data logging systems and sensors for measuring force, torque              
and rotational speed were looked into. 
 
To ensure eco-design and minimize the environmental footprint together with keeping the budget as              
low as possible whereas many parts as possible reused parts provided by KTH. The parts that should                 
be manufactured were all designed in CAD and put together in one big assembly to ensure proper fit                  
and minimized resource usage.  
3. Results 
Design Results of Force Applying System 
The most critical criteria for the force applying was the feasibility. After analyzing all the options that                 
could be thought of in the concept evaluation matrix, a concept of a weights and rope-pulley system                 
was chosen. The weight could easily be swapped out to a heavier or lighter, and the gearing could be                   
changed thanks to rearranging the rope and pulley setup. To limit the speed, a hydraulic disk brake                 
was added that could be controlled through a lever. 
 
Design Results of Test Rig 
The finished test rig was made from the fact that KTH could provide a metal construction with                 
existing linear guides, linear bearings and a sliding mounting surface. They become the heart of the                
following design. Metal frame elements were constructed to keep everything in place and fixed.              
Figure 2 shows one of the two frame elements together with the load sharing unit and the metal                  
construction with linear guides and the ball screw. 
 
Figure 2. The “furthest” part of the test rig, with brake disk (marked in red) and shock absorbers (marked 
green). The torque sensor can be seen between the brake disk and the load sharing unit.  
 
The complete test rig can be seen in Figure 3. Notice that the rope that goes from the bottom of the                     
load sharing unit to the pulley on the furthest right and then straight upwards towards the roof, is not                   
drawn out. 
 
Figure 3. The complete test rig seen from the side. The right side is closest to the force applying system 
(weights, rope and pulleys) and the left side has the torque sensor, encoder and brake kit. 
 
The complete structure was then fitted with a stamp mounted from the roof on the “close” side, so that                   
the test rig should not lift of the ground during heavy loads. Complete CAD assemblies over the test                  
rig with the weight-pulley-rope systems can be seen in Figure 4.  
 
  
Figure 4. CAD-design of the pulley system (the stamp is missing in Figures). 
 
Design Results Measuring system 
To be able to collect the data needed to analyze all test results and answer the questions of load                   
sharing and efficiency, multiple different sensors were needed.  
 
To find the efficiency of the load sharing unit and the ball screw transmission it’s necessary                
to know the force applied on the system, the linear velocity of the load sharing unit, output                 
torque and rotational acceleration of the ball screw. By measuring the input force and the               
angular velocity it is possible to calculate the input power using equation 1. 
 
, where .F in · vlinear = P in vlinear = ωrotational itch· p  (1) 
 
Measuring the output torque and the angular velocity of the ball screw can the output power be                 
calculated accordingly to equation 2. 
 
.T out · ωrotational = P out  (2) 
 
Finally to get the efficiency the power output is divided by power input as equation 3 show: 
.η = P in
P out  (3) 
 
To get all the information needed for the efficiency calculation a torque sensor, a force sensor and an                  
encoder will be needed. 
 
The six existing doughnut shaped load cells mounted on the load sharing unit were kept. Two of them                  
had damaged cabling but did gave data output. These load cells gives information about the load                
sharing, thanks to the hydraulic pressure in the hydraulic cylinders vs. the force from the ball nut. 
 
To be able to handle the input from six load cells on the load sharing unit, the rope force, the torque                     
output and the rotational speed and acceleration (nine different sensors) were and Arduino             
microcontroller used as the main controller. This was one of few suitable controllers on the market                
that could handle this amount of input signals, and the reasonable price together with the open source                 
platform (easier to find code than otherwise) was other great features.  
 
To be able to read the output signal from the load cells must amplifiers be used, to increase the signal.                    
In the case of the encoder and torque sensor was the problem different, here was a voltage divider                  
made from resistors instead used to limit the output voltage so that the signal could be handled by the                   
Arduino. 
 
Load Sharing 
The load sharing should be monitored from the six load cells, with one load cell per hydraulic                 
cylinder. A problem here was that two of the six load cells, which had damaged cabling already when                  
the project was started, stopped working before the tests could be performed. This means that only the                 
load sharing for the load cells number three to six could be monitored, and the load sharing for load                   
cells one and two, both connected to ball nut one, could not be monitored. 
 
Multiplet tests were done, and the load sharing did not show great results. The results are differing                 
between compression and tension, which in theory should not be the case. To deeper analyze this                
should more testing needs to be done. Figure 5 show the results from the compression test and 6 show                   
the results from the tension test. 
 
Figure 5. This is load sharing in compression, better and more even results than the tension test. 
  
Figure 6. This is load sharing in tension, during the backdriving.  
 
A design error that have been following the project since it was originally started in 2016 was not                  
realized until the very end of the project. The preload of the load cell does not work to allow tension                    
testing of the compression only load cells. This due to over constrain in the current design. See Figure                  
7 for deeper description.  
 
 
Figure 7. The hydraulic cylinder is fixed, and so is the ball nut mount due to the constraints of the ball screw.. 
This means that when the hydraulic piston is extended due to pressure change from the other ball nuts, is the 
load cell compressed and the tension on the screw looses. But when the hydraulic piston is pulled inwards, the 
preload of the load cell can not released more that the screw holding everything together can stretch.  
 
This is the very likely cause of the weird and inconsistent results from the tensioning tests. 
 
Efficiency 
The torque sensor could not be set up with correct wiring until the very end of the project. Therefore,                   
were no time to make a working code for the Arduino to manage to interpret the output of the torque                    
sensor. However, a Picoscope was borrowed from KTH Prototype Center to see what the signals               
looked like. Figure 8 and 9 show the torque and velocity signal from the torque sensor. 
 
Figure 8. The frequency for torque, the change in frequency for different torque was hard to get in the picture. 
 
Figure 9. The frequency for speed, and how it changes for different speeds.  
 
About the force going into the system, pulling the load sharing unit and back driving the ball screw,                  
could it successfully be monitored. The rope force monitored from the S-load cell were very close to                 
expected when comparing the hanging mass and the know gearing of 2:1. 
4. Conclusion 
The load sharing unit must be further tested in compression to make it possible to verify or deny the                   
load sharing capability. If cyclic and bidirectional testing would need to be performed the load sharing                
unit must be rebuilt and redesigned so compression load cells can be used in both directions.  
 
The efficiency must be tested in multiple different ways, varying loads and speeds, varying stroke               
length and direction. Only after this any reliable results can be achieved.  
5. Discussion 
Our trusting everything from the previous project and the discussion about how the “compression              
only” load cells should work when pretensioned was something that caused big trouble in the end.                
Same thing with the torque sensor, that when it was found in the premises of KTH and we were                   
allowed to use it, it was not further investigated. When it was time for testing, none of the wires were                    
marked, incorrect color scheme and no data sheets were to be found. Both this errors and assumption                 
that previous work was correct lead to that no verifying data could be achieved. The question is, if                  
these error would have been discovered earlier; would there have been time and possibility to sort out                 
the problems? 
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